Peptides can serve as both sole carbon and sole nitrogen source for the growth of enteric bacteria (5) . Three apparently independent transport systems with overlapping substrate specificities mediate peptide uptake in Salmonella typhimurium and Escherichia coli (9) . The dipeptide permease is relatively specific for peptides containing only two amino acid residues. The oligopeptide permease, however, will handle both dipeptides and oligopeptides containing up to five amino acids residues (11) . In addition, a third peptide transport system has been identified (3, 8) , although as yet this sytem remains poorly characterized.
The oligopeptide permease is the best characterized of these three systems. The gene(s) encoding it has been mapped at 34 min on the S. typhimurium chromosome and 27 min on the E. coli chromosome, between tonB and galU (5a, 6) . We previously presented a fine-structure deletion map of the opp locus in S. typhimurium and showed that it occupies 5 to 6 kilobases of DNA and therefore probably consists of more than one gene (5a) . In this study we show by complementation analysis that opp consists of four genes, which we named oppA, oppB, oppC, and oppD.
It is a common observation that transport components from E. coli will function in S. typhimurium and vice versa (1). We therefore made use of an episome (F'123) that carries both the trp and opp genes of E. coli (7) . Using the trp marker as a selection, we transferred this episome to the S. typhimurium strain Atrp-101, which we have shown is deleted for the whole of opp as well as for tonB and trp (5a). The resultant Opp+ S. typhimuriumlE. coli merodiploid was called CH142. Spontaneous opp mutations in CH142 were selected by resistance to the toxic peptide triornithine (2) . As the only copy of the opp locus in CH142 was on F'123, all opp mutations must also be located on this episome. These derivatives were used as donors for complementation by conjugation. Recipients for conjugation were derivatives of S. typhimurium LT2 harboring chromosomal mutations in opp; the locations of these point and deletion mutations within opp have been accurately mapped (5a) and are shown in Fig. 1 .
Complementation was carried out as follows. A proline auxotroph can normally utilize the tripeptide L-prolylglycylglycine (Pro-Gly-Gly) as a source of proline. However, in Opp-strains Pro-Gly-Gly can no longer serve as a source of the required amino acid. Thus, the growth of a proline auxotroph on Pro-Gly-Gly as a source of proline can be used to screen for the Opp' phenotype (5a). Pro-Tetr phenotype was introduced into appropriate Opp-recipients by P22 transduction from strain TT184 (pro-662::TnlO). Conjugations were carried out on minimal glucose plates (12) containing tetracycline (10 ,ug ml-1) and Pro-Gly-Gly (80 nmol ml-1). This allowed selection against growth of the conjugal donor by tetracycline; the recipient was unable to grow unless its chromosomal opp mutation was complemented by the opp-allele transferred on the episome of the donor. Recombination between E. coli and S. typhimurium is a relatively infrequent event, making it unnecessary to use Rec-strains as recipients. When complementation occurred, the entire area in which the donor and recipient were mixed showed a confluent lawn of growth. In the absence of complementation no growth occurred; the occasional individual revertant or recombinant colony which did appear was ignored. (Fig. 1) , and perfect correlation was seen between the extent to which opp was deleted and the complementation pattern obtained. Thus, the further the deletion extended into opp, the fewer the donor alleles that were complemented by that deletion. These results indicate that opp consists of four separate genes; the extent of each of these genes, which we named oppA, oppB, oppC, and oppD, is shown in Fig. 1 . In addition, these deletions did not show polarity, having no effect on the expression of those genes not removed by the deletion. Thus, each of the four opp genes must either by transcribed separately or, alternatively, if the genes are cotranscribed, transcription must be in the direction oppA -* oppD. That the latter alternative is correct is shown below. oppC and oppC-oppD junctions, respectively. Each interval could therefore be divided into two (Fig. 1) . It is clear from the above results that the opp locus consists of four genes (although the possibility of additional genes not detected by the present complementations cannot be completely discounted). These genes are organized as an operon and are cotranscribed in the order oppAoppB-oppC-oppD from a promoter located between galU and oppA. Because these complementation experiments involved merodiploids in which one copy of the opp locus was derived from S. typhimurium and the other from E. coli, the locus in both species must contain the same four genes.
Several properties of the oligopeptide permease indicate that it may be a periplasmic binding protein-dependent system: transport is sensitive to osmotic shock (4) and is apparently energized directly by phosphate bond energy rather than by ion gradients (10) . All periplasmic transport systems that have been characterized require the function of multiple components, the genes for which are located together on the chromosome (G. F.-L. Ames and C. F. Higgins, TIBS, in press). This is in contrast with the membrane-bound transport systems, which only seem to involve a single gene product. Indeed, the two most completely characterized periplasmic transport systems, those for histidine and maltose, require three inner membrane proteins in addition to the periplasmic binding protein.
The observation that opp consists offour closely linked genes is therefore consistent with the view that this is indeed a periplasmic binding protein-dependent transport system. The identification of four genes, together with the availability of defined mutations mapped to within each of these genes, should facilitate the identifi-NOTES 1551 cation of each of these proteins and the determination of their subcellular location.
